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Abstract 
A surveys was carried out to study comfort condition in Wuhan city which is one of the hottest places in China. 
Subjects’ thermal response and 630 data for mean daily electricity consumptions is collected recorded. The 
relationship between thermal comfort and electric loads could be made clearly through long term field study. It 
provides more closed data to control comfortable environment on the cost of low energy and low carbon. 
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1. Introduction 
Energy resources are limited and electric load is very huge especially in summer and winter in China [1]. Usually, 
there are a few residents in China running air conditioner for a whole day in a residential building. However, most of 
people in residential building turned on air conditioner only when the temperature was high. The large increased air 
conditioner load in summer would have great impact on the city electrical power system. This was summer seasonal 
peak load. Insufficient power generation capacity and load limit often caused power failure of power system. In 
recent years, there were about 24 provinces have been to limit using power in the cooling season. The high outdoor 
temperature directly made great contributions to the city electrical peak load. Heinemann also pointed that the 
proportion of summer weather-sensitive load was dependent on the relative degree of comfort or discomfort of 
people.  
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The temperature-load forecasts model is attributable to the electricity generation industry for controlling peak 
load and saving cost. For example, electricity generators in USA save $166 million annually using 24-h temperature 
forecasts to improve the mix of generating units that are available to meet electricity demand [2]. It is because the 
temperature is one of the key factors that can affect the demand for electricity. Some studies shown that there is a 
significant effect in regions where there is heavy use of air conditioning [1]. Wuhan city is one of the hottest places 
in China and it belongs to hot-summer/cold-winter climate zone. This study will focus on the relationship between 
electric loads and temperature in Wuhan city. It could provide more closed data to control comfortable environment 
at the cost of low energy and low carbon. 
2. Background  
Wuhan City was situated in the middle of Hubei Province of China, the intersection of the middle reached of the 
Yangtze River and Hanshui River. Wuhan belonged to hot-summer/cold winter climate zone and it was one of the 
hottest places in China. The mean temperature in hottest month was 29.8ć and the maximum temperature could 
reach 39.4ć. Moreover, the humidity in hottest month in Wuhan was high and the mean relative humidity was 79%. 
The indoor air condition quality would be very worse if there were no cooling equipment in the buildings. Therefore, 
the cooling load was very high for residential buildings in Wuhan. A typical outdoor air temperature in Wuhan was 
shown in Figure 1. 
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Fig. 1. Typical outdoor air temperature in Wuhan. 
3. Methods  
The survey for energy consumption of air conditioner was carried out in a residential building. There are two 
separated electric circuits in the surveyed building. One is for the basic electric load and the other is for the air 
conditioner load. Therefore, those loads could be easily measured with instrument. The daily electric loads were 
recorded at 7:30 AM, and total 630-day data of daily electricity consumption were collected. Moreover, the 
questionnaire of general thermal sensation vote was collected. The scale of thermal sensation vote in this survey is 
according to ASHRAE 55 and ISO 7730 [3,4]. 
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Fig. 2. Proportion of running air conditioner in whole year. 
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4. Results 
The statistical data of outdoor temperature versus proportion of switching on air conditioner is shown in Figure 2. 
The regression curve is similar to capital letter ‘U’. The proportion of running air conditioner will increase when 
outdoor temperature is too low or too high. With regression curve, the proportion is less than 50% when outdoor 
temperature is range from 2.1 °C to 28.1 °C. Figure 3. Shows that outdoor temperature has directly influence on the 
mean electricity consumption in Wuhan city. The mean electricity consumption keeps at a low level when outdoor 
temperature about ranges from 10°C to 25°C. 
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Fig. 3. The mean electricity consumption in Wuhan city. 
5. Discussions 
From Figure 3, we can conclude that it should be a three-stage function when it is deal with as distribution curve 
for the whole temperature zone. The most important thing is how to decide each temperature zone. The underlying 
hypothesis of the adaptive model is that one’s satisfaction with the thermal environment is guided by adaptive 
adjustments (behavioral, physiological, and psychological) to not only the prevailing environmental conditions 
(outdoor climate) but to what we expect our indoor conditions to be [5]. Usually, residents could be comfortable 
situation with free-running actions (such as open or close window, adjust clothing, etc.) in transition seasons unless 
the temperature is too high or too low, as shown in Figure 4. The data in spring and autumn are selected and handled 
by the above method and they are shown in Figure 5-6. The relationships between proportion of running air 
conditioner and outdoor temperature are exponential functions in spring and in autumn. In ASHRAE Standard 55, 
the specified condition or comfort zone is 80% of sedentary or slightly active persons find the environment thermally 
acceptable [3]. The purpose is to ensure that a room or building is comfortable for a substantial majority (at least 
80%) of the residents. Most of subjects (80%) in Wuhan city do not use air conditioner when outdoor temperature 
ranges from 7.5 °C to 25 °C. According to the relationship between indoor temperature and thermal sensation in 
Wuhan city, the comfortable temperature zone is between 15 °C and 27 °C. This indoor temperature zone could be 
selected to be a temperature zone that 80% of subjects take it as acceptable and do not use air conditioner. Therefore, 
the data in this study could be divided in three sections. They are section A (heating zone), section B (adaptive zone) 
and section C (cooling zone), as they are shown in Figure 7. The distribution function is made as follow Table 1. 
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Fig. 4. Model of people to adapt the change of indoor and outdoor climate. 
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Fig. 5. The percentage of running air conditioner in spring. 
The neutral temperature in section A and C is 18.2 °C and 27.1 °C, respectively. The natural temperature is varied 
in different cities in China. The neutral temperature in naturally ventilated buildings in Beijing was 26.7 °C and the 
upper limit of environmental temperature accepted 80% of subjects was 30 °C in summer [6]. The temperature band 
accepted by 80% of the residents was 18.0-25.5 °C in winter in Harbin city which is the coldest city in China [7]. 
The neutral temperature in there was 21.5 °C. The thermal neutral temperature in Wuhan city could be different to 
that in other areas. The neutral temperature of whole year in Wuhan city is 24.0 °C according to Figure 3. It is 1.5 °C 
higher than that in Shanghai [8]. In tropical area, the neutral temperature occurred at 26.8°C in naturally ventilated 
classrooms and at 27.4°C in air-conditioned classrooms [9].  
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Fig. 6. The percentage of running air conditioner in autumn. 
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The neutral temperature and thermal comfort zone in Changsha city is 21.73 °C and 16.95-27.83 °C, respectively 
[10]. Some of reasons could be the climate difference and clothing. The curve of section B should be at the scale of 
‘0’ in an ideal condition. It means that people should be neutral thermal comfort in this range of temperature. 
However, there could be a small deviation for curve of section B in the actual condition and in the ideal condition. 
For example, people could not adjust their clothing freely when they go to office or school in Wuhan city. The 
indoor and outdoor temperature could be changed especially in the transition seasons. The thermal sensation of 
subjects could change too. The thermal sensation shift is small in naturally ventilated buildings. But it could be large 
in air-conditioning buildings.  
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Fig. 7. Correlation of thermal comfort vote versus indoor temperature (Distribution function). 
Table 1. Distribution function for thermal comfort in whole year 
Section Regression function Temperature zone r 
A TSV=-3.283+0.193Tin Tin <15°C 0.421 
B TSV=-0.614+0.020 Tin 15°C≤Tin ≤27°C 0.170 
C TSV=-4.715+0.178 Tin 27°C< Tin 0.410 
6. Conclusions 
 
In generally, residents’ comfort relies on physiological and environmental parameters. The energy consumption is 
very high if the required comfortable temperature conditions could be maintained all days. The residents in the real 
buildings could be more tolerant toward environmental conditions than those the laboratory studies predict. 
Therefore, it is important to find the most suitable temperature condition through field study.  
The whole year neutral temperature is 24.0 °C with simple linear regression. However, polynomial regression or 
distribution function (three stages, Section A, B and C) is found to better describe the relationship between thermal 
sensation and indoor temperature in whole year. The temperature zone is from 18.1 °C to 31.9 °C when thermal 
sensation vote is between -0.5 and +0.5 with polynomial regression. That is from 15.2 °C to 30.2 °C with 
distribution function. The neutral temperature in section A and C is 18.2 °C and 27.1 °C, respectively. 
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